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Abstract of JP200321 71 07 

PROBLEM TO BE SOLVED: To facilitate the 
control of the micronization of crystal grains and 
a reduction in grain size distribution, and to 
effectively reduce a magnetic mutual action 
between grains in the magnetic recording 
medium of a perpendicular magnetic recording 
system. 

SOLUTION: The magnetic recording medium of a 
perpendicular magnetic recording system 
constituted by sequentially laminating at least a 
nonmagnetic substrate layer 104, a magnetic 
layer 105, a protective film 106 and a liquid 
lubricant layer 107 on a nonmagnetic substrate 
employs a granular structure in which the 
magnetic layer 105 has ferromagnetic crystal 
grains of a hexagonal close-packed structure, 
and a surrounding nonmagnetic gain boundary 
mainly made of an oxide. The nonmagnetic 
substrate layer 104 is a metal or an alloy having 
a hexagonal close-packed crystal structure and, 
below the nonmagnetic substrate layer 104, a 
seed layer 1 03 made of a metal or an alloy 
having a face-centered cubic crystal structure is 
disposed. 
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1 

X, 

IWE#»ttT*Ji©TK, iB«£?lb&0»i6#IJS**'r-B 

[B»#8 2 ] If jRJS 1 IClB«0«j{WE»jBIE*|sfc*V» 
X, tt8E#«Mt"F«Jitt, ME#lMSBMt"FifiJB©a||M&T 

^WrtTS^Re, Ru, O s ©V>Tn:fr©&Jg, X« 
Mf2Re, Ru, Os©^%C>S:< t%>lo$-&tf-& 

im&m 3 ] m&h 2 iztzmcommimmmz^ 

IM&T ©ttfS©«WBSMa*t 1 . 4 n m.WTT&* d £ 

[IS*3S 4 ] SfJfcJS 1 75 M 3 ©ViTft^HiEft©^ 
C»«MMc*V»T, UES'-Hitt. Cu, Au, P 
d, Pt, I r©Vvrn#»©&JR» XttCu, Au, P 
d- Pt, I r ©v^©^&< £fc 1 ^£-g-tr-g-£, X 
tt, 4>&< £fcN i iF e tS^-tf-&^T*SCl 30 

C««#fc:*v»T, ffii2->- h'icTi:, #»&>&#©« 



X, Mfc^attlEftfMfPJlte, Nb, Mo, Ta, W© 
V>t*ft/fr©#ffiB14:kJg, XliNb, Mo, Ta, W©5 

[0 0 0 1] 
[0 0 0 2] 

[ft#©gtflS] amtS^©^^S-fb$:|^S-r-5tt^<i:b 



< 2 > #12 0 0 3-2 1 7 1 0 7 

2 

s^as^nxv^. 

[0 0 0 3] SE&iiiE&^Jfl©&&fB®/iffl*m£: 
l/Ttt. SflE, £l: C o C r ^^^SSi^f*f$ft 
X*5D, Sil«j!WE»lCfflV»Sfcje>lc, hcp^ljfi^fe 
"3CoC r tfoWKBCgji (cS^BtJp 

fir) Kfc*J:eHr8iMBr»I*!W»l,TV»*. CoCr* 
^&©^«©Kfc<5i**£lefl5lC*tU £©C o C r^iSS 
»«©«HMb. »M©8ftW&4BSfe 
#©te«^©&*a*f?&fc>ttxu5. 
[0004] fi^i2®ja^©^^s^©fc«e>©a 

»tlf«n*, BStt^ftfe©^HSrK^ J ?>^b^©«t 

^.li#H¥ 8-2 5 5 3 4 2 f^St U S P 5 , 67 
9, 4 7 3*4ME7?Hj*3*vrv>«. iCDi^^^z 

#att#&jg©&^s^tt&^£ft 

«tl, h<Dm&femz£.c zap*? if mm.<D 
nxv^s. 

[0 0 0 5] ±3£©ftfl?£ija#.-g-:fo-t!\ HB:a«f2#& 
#©««»£ LT, ^7ra7-ffittl$in§:t!i{ 
*l^$nxv^-5„ 0»J*.fc£. IEEE Trans. . M 
ag. , Vol. 36, 2393 (2000) fctt, R 
uSTJfiJBtU ^a7-SM^CoPtCr 

^-^5-»l4H©T:lfc/IX&3Ru/l©ffl|Jp£4 0 

[0 0 0 6] — #S2 001-26451 7 
tt, #«ttT««*A*««3HS« (hep) ©iiSa«lifi 

C B^it* (fee) ©^ffifllig$:Wr-5^JSIX«-& 
[0 0 0 7] 

*3-rs&*fcw, h+»c**n*s i o 2 © 

J: -5 iCo t T A»ic»«s-a- 

[0 0 0 8] Lft»lft#f&, #m£#&R®ttJMf#tt 
ttttT &«g M L fc#tig IC «t 9 & J -f X-fb * Bin 



( 3 

3 

[0 0 0 9] noJ:5a:«UlKM*T)a:*n 

5i®8£UEe £if «r § d £ k * •£» . 
to 0 1 0] 

[gig -5 £©©#©] £©J;5&g6<)£3gj5£-r 10 

[0011] M^q|2 KlE*©»9iHU MM&H l Ictsm 

iftTiica M»?£«: t mi m&m © a M«meR 

tOSXTyWlOWfitibSRe, Ru, Os© 

fc < £ *> i ■o tfttr^k-vib z. £ £4**£-r«. 

[0 0 12] WjfcjC3fc|B*©»9i«. M*R2fcffi* 

i o %otts o , msu&rf- tomkommnmrn** 1 . 30 
[0013] 4 \ztm<D&wte> mxm mm 3 

/gte, Cu, Au, Pd, Pt, I r ©Viftl^©^ 

XteCu, Au, Pd, P t, I r <Do%V>'pti.< 
£%> 1 X«, 'M<tfeNitFei$ 

[0014] ffi&S 5 KE*©*9!tt, n l 4 
©V^n*»clE*©«Slie««E#:t*v»T, Wffiv'- H 
e©Ttx, #'C>fi*©»»*jfiXtt7 ,: E;i'7r^«lia* 40 

[0015] ii^js 6 \zmm.<D$£m\z, mxm 5 kie® 

b. Mo, Ta, W©Vvrn>5>©#8tte&J&, x«N 
b. Mo, Ta, Vf<D?-£,cr>'J>t£< thl-D&^mm 

[0 0 16] J^±©*gj&{cJ;£a«fElijl£#lcttbT, 
±12 © y 5 - ^ 5 -SSte )■ ©Et&ftjfp «fc Sfi / -f X{t 
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ft*j6#«ttJi©»«tti&aiia©.t-n£ra UA3ir«»* 

[0017] ^y^stitiftgi,^ 

o, m&mm<Dffim&m'ffl-?z>fzib\z&ftfc&&&t:n 
[0018] ;i©j;p^^v^a.7-atteTiciawfc 

•3. **v»ra, if?— a. 7-m~&\z-f%> z. tt>< 

#«&Tttfff3A»?©attfe?£ft 
taiiS ©-^-tl £ © 5 X V -.y i 0%UtH-v&z >! Zi. 

cttf-r**. -t©£*K, *«ttT» 
S©»ffi«flp« 8 Yim$X±or>\tmtf±fc<D 1 0 %«TT 
SSipfifMl. 4nm£TFteftflrr*£«ttJI- 
©«ffl^T, &*&T£{£M£tKg>;i£#-T?£, 

[ooi9] $e>{-, Copt *^*©A**ap^«{ 

ttT»JBSA**af3S« (hep) ©^ft«iiS*wr-5 
#MX«-&^£b, d^o, W)E*«ttT*IOTfc, ® 

*C>A* (fee) ©^a«it*#-r-5#jnx«#^die, 

U2>~/-\tm*tt5-TZ>Z\fT:, -e©J;JCSSSn-5# 

M®£Sit^rs]^©cWBait]tt*i(Sj_h-r«fc©. j;o 

£1 £**T#*. 
[0 0 2 0] fc43, Cl©«t5*:S«fig£-r-S^£tf, § 

W©j8t^S:^-r-5fc*fc-3T«3l«Jn»i$fT5i£j.S** 
f«c<7iD, Sifi^n-kx©waft;£®axh<t:*i0n-S 

[0 0 2 1] 

i?m<omm<Dmm trp, hbi*#jbut*»w©ii 
&m&$iTz>&wnz \zm~ cofim tx 1^-5. 

[0 0 2 2] igiS^S2tt, **M9K*KJ:6«g|a 
^^©^fi5$r^-r8fS«i!:ilT*-g>. 01(t 
J^I8©Si£a^lH®aE#:©»r®«S!:0T*-5. Sil®^ 
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5 

tmt&mt, im&mfti o i±i:->-kii 03,* 
rn&Tmm 104, w&m 1 0 5 Rzf&mm 1 0 6 ham 

ffi$im 1 0 7*«snTu§. 

[0 0 2 3] 02C^«t3f«C, 

*«ttat«c2 0 1 ±\z#m&mfafflwm 202, 202 

±fc->- K12 0 3, #Mi£Tt&m 2 0 4, fiSttH 2 0 
5fttf«HJ«2 0 6*tMlCJ*j£3ft. 3 6K-t©±fctt 

^®-»sij®2 o 7 nfc«jfi©aa[«ftiB»jHW: 

fc-S-fr-frTM^bTViS. 10 
[0 0 2 4] #Sfri4*# 101, 2 0 1 t UTIt 
©®^IH®jaE#fflfcffiVi^nS, N i P^^^SJfiLfc 
A l 5*, »lft5?5^tin«;:t^ 

[0 0 2 5] at£Jl 1 0 5, 2 0 511 Staif ^WT-S 

Sr^-y^KtbT, */1y*U>^fc£t)ACT-5;i 
r fTEMXn <y ^ U >^fc «k 0 ACT & d iT 

[0 0 2 6] 3fi«ttSCT*»ft*«ICTS»»»a4*fc 
fMESSfttevva*, CoP 1 3R#&a**jST*«. #i:c 
oPt^l;Cr, Ni, Ta©-5"£©4>;£< fb 1 O 

©Tn^^mJnT-scit^, J**/-fX©ffi*©fc«>fcw: 30 

Cr, Co, Si, Al, Ti, Ta, Hf, Zr©~5 

izts. if 3 — =l =y —m m z m at -s it v> \z \*& a* l 

£©©JRJPj&ti85.S£Sn*. 

[0 0 2 7] $ fcftHJR 1 0 6, 2 0 6il «|^«* 
-#>£±#£TS*J»jWBV»&ft*. *fcttflcH»5W 
Si 0 7, 2 0 7«, 09^«A— 7MDJt?>JX- 40 
* ©f3»3J fcflj V » -5 C £ a<T * « • 

[0 0 2 8] KB 1 0 3 , 2 0 3 RZfiftmH 

T&M 1 0 4, 2 0 4C3V»TR«n. #attTifllJI 

«A:fr««3fe* (hep) ©»ft*ia**-r**«xtt 

-g-^T^SJli^g-eafeD, ^©^T^, Re, R 
u, Os©Vifn^O^I, XURe, Ru, Os®5 

=lv— ^14Jl©iSrS]*ft)JWt"-5fe©lC«a* bv>. 

K, #&1£TttB©a«m?£ft£^Eftft<Dattfe 

o %JWp*3-r*^dt*<a*b so 
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V». KJBttS'M* (fee) ©«A«S& 

WrS^SXtt-&^T*t), ^©^T'fe, Cu» Au, 
Pd, Pt, I r ©V>Tftfr©&JS, XiSCu, Au, 
Pd, Pt, I r ©?*,©'>&< <h*>-ffi£^tf£&, 
Xtt, < i N i t F e S ttf^T$ 5 ^ i ^1 
£bV>. 

[0 0 2 9] KJ1« f c c ©«il«jfiSCT*fc 
cc (111) B^Sfc^fTlcEfBjbTASb-^-r 

©*SH#|j££:WT'5fcJe>, dft* fee (111) SBB 
fabTV>-5->- KB-LKACT-Si, »fe^Tfi^-©i 
Hh c p (0 0 2) M^^HJC^PfTlCiBloIbTAftb-^ 

T<&-5. ::<!)±5&*«ttT*±i:i'7=a5-«tt 
i^lt^^iT, 81£B*©&M«MK&<b£fchc 
p (0 0 2) ®3W&Wc¥fTKEftbTACT£fc«>, 
ffiftfcSB«^fEfi*i£flc£».5 d 

[0 0 3 0] £©&, y-HIiLTCu, Au, P 
d, Pt. I rO^fn^O^H, XttCu, Au, P 
d, Pt, I r ©-5-£©4>ft< th— a**tr&^, X 
«, 4>&< £%>N i iF e <£jg#U 
J&'ttT^B.hbT, Ti, Re, Ru, O s ©V>Tft#> 
©&$l, XliT i , Re. Ru, Os©5^0'>S;<t 

B, ft&^fc*»ttT«l»i:i^5=3L5— «ttJB©W© 

[0 0 3 1] J'-KIOJSfttTH;, 3nmHi, 
£b< 145 nm^itf^itiiii, #SSttT%B©E|Sj 
*«CT*fc»l=tta*bv»*«, ttKWKttWTBfcS' 
- HB©Tfcft#Lfc 2asa««E«jaiWefef^CT* 
RfcWU E«B£«c«tt*TSfc©ElliS&S'*<d\a 
<T3Cl<2:*>*a£bUfci6, KB©&JPfciBHtf]£fH 

ffli f ir -a ffi m x ^ ^ < m v » z. t w t $ ft «, . 

[0 0 3 2] #attT«!Ji©BIJP<hbTte, 2nmH 

«te»©Elft*MCT*fc»lcttSSbVv&». SJign^ 

JT»©re»*«CT*£v»-5BA*lJfr&tt, ^14T%J1 
©JK/PttEr6lS:^T?^S<effl-C , 75:S^<^[Vir.t^ 
St$ft-5. 

[0 0 3 3] 2BSa®t^E®^©f^®[(c*^: 
oT«, ^att»fTS* f c c«Jft*CT*N iFe« 
Btt^ttS*. **Vi«*catt«*TJi©ft±fiBfcfl!) 
*H*6NiFe|(«tt^S»<#4L 1 Cft6©f 
cc^IS-V-Kii^ifitT, *«ttTiftlB© 
Elfttt«*ff5Jia:t>Tr**. £©«£-, fS^BilK^ 
tt*nJB©e*W*««fctt*attT*B©JKJP©«.K 
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[0 0 3 4] K\Z, #W&£ftfHttlJB 2 0 2t3^V>TI& 

wtz>. im&&faM®mte* fobtt (t>cc) om 

^TS>-5Clt/&^STafe-5„ £©<fc'5&JI£f8:tf-5££: 
T, y-KIOfcc (111) 12^14 £ 2 SKStffcf 

3 £ #aiTFlfc/l©gafa©ft±£^LTfEg* 

mvnftmt&mznz. :©i^»Jbc c©^ 

S^jfi^fe^W^t UNb, Mo, Ta, W©V>-m 
^©^SStt^H, XttNb, Mo, Ta. W©-5*>4>& 

< th-m^tst¥m^±^m^rzm^\zm±tti io 

•5. £fc, NiPtCoZr^t'OT^rXiil^ 

[0 0 3 5] *attSl^W«»<DW»tbTtt, 3 nm 
£Ui, jf*KIJ5nma±i:tl)ut^ v—KJI© 

[0 0 3 6] tt±Rg§Ufc»»j£i&»6fc*. BUSVt 
*lfcSit««1E»«SE#:S»****?IflB t & 0 . «6ii 

[0 0 3 7] 

[0038] mmmi) *«tt*#iLT, 5^** 

rtfc^Al, Ar^I5mTorrT7, #JBttEft 
fWW/I*5 nmji&&U P t j&»&&55'— 1*® 30 

5nm*»jJ», *ffltT*16 2. 3nm/sec 

StmAr^fXJE3 OmTo r rTT2 0 nmmtfLXs 
ft. #M'\£Ti&miZteT i - 1 0 %C r . Ta, Re, 
XttRuSfflVifc. ^V»T, SiO, Sl0mol%f 
DOtfeCoCr, ,PtM *-yyhtIV», RF^ 
/^y^j*KJ:U4fe*Ar35f^JE5mTo r rTT^7^ 
a.5-«ttJB 3 0 nm^MLfc. 
[0 0 3 9] JfcV»TT, A-*>«BW8ninSail, 

nmtttlfl/T. ■ 2£*TOftttjft®ME*Jitt& 40 

[0040] h 5 \z*nmm 1 ©ais,iHii«#©«a^ 

«tt~Ftt » ©i* VMC «fc S ©3ft* £ JfcKrT -5 

[0 0 4 1] J^fftfflKte, 1511 ^M^nfcj*^© 

m v>tt. tf>7^>Hf^ ^ --rate Lfc, «tse«« 

4 0 0 k F C ] fc*W#i«ltttSNRt, 50 
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0#ftfcttl£JI©h c p (0 0 2) Mfft&on 

»tC5^7yf*tl 0%^rtT*-&Re, RuC*VJ 

T, He. SNR*Efitt#**<faJtr* 

•5. 

[0042] (subm 2 ) 2 «, mmr^m 

- t«W8tt« 1 £fi«KU'r«#£f£«Lfc. #tt 
ttTJMMt^/Xy^S(iCJ:9fiUKSde4. 2nm/se 
c , i&fliA rJST.E.7 OmTo r rTT2 0 nm&MtfL 

no iz^om^Tcmm. &mzttisTmm.^fa\z&vi 

£ < ft £ ft £ JMtjfcSf * E £ 75: < j£S L 
[0 0 4 3] ZZlz* /£]|J|8JHIfc, &S8j£eJSft£'bra 

s§n&^-3fe. sfc, TEu\z^^>w-mm^n-o 
ft. mskWf-v^ x*$tv>ftiiz.?>, 

S*|Sfii**Ji)5fcoTl. 8nmHTt$o 

[0 0 4 4] ^ffi^StM^^rSWiC^aiS 
2. 3nm/secldfU ftfAr^E7 0mT 
o r r TT2 0 nmllbfe. »e.nfc#a-|4)l^©Wr 
®*TEMfc«k»J«SgEL;fc*S* > ^SKttbTSlS^ft 

Wjfc&Sftt'fet^Stlftd^fc. — TEMKJ; 

LT*5 9, *tM*4*»5ioT?l. 4n 
[0 0 4 5] jsUttt&*Mir9"«z:&£J:D, &^©$[ 
[0 0 4 6] (SHJS0fJ 3 ) *HJ£^J 3 «, #J8ttTit&Jl 

©fiEigyn-fe^^«*js^2 tmmzitmhft. 

[0 0 4 7] MttTtlORuS, 
J5£®5Sft4. 2nm/sec, MAr^I7 0mT 
o r rTTffSOiJP^bfc. fl|J»*5 nmtbfc 
jS!fc, 5 0 nmi/?< LfcttFK, TEMItiJlj' 

^n?nWST5nm, 8 nmT&ofc. Jft^-y-f 

aTl. 4nm, 2. 2 nm^TT&o*:. 

■Ztlfcfr-oft. 

[ 0 0 4 8 ] ttVVT, jSBISflE 1 . 3nm/sec.^ 
jP$:2 0 nmiH3^L, A r #7.JEE£±!S© 0 . 7, 
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nWitT8nm, 5nmT*ofe. SlTIM X<Dft 
2. 4nm, 1. 9 nm^TT&ofc. ^n^-'tv^ft 

[0 0 4 9] nn60*«ttT«l»0»iiElfttt*Xi» 

[0 0 5 0] ^±©i?KJKJP^#*J»KJ;£:|&SL « 

[0 0 5 1] (^»J 4 ) #mS0iJ 4 tt, &j&0| 2 \Z, 
C o^&attJf £j&0L7ta^5^;*£©0yT$>&. 
#lffim©#fi&tt4'FpS]Ji©Ru£, J5)c®l5gg4. 2nm 
/sec, ifc^A r^XEE7 OmTo r rTT2 0 nm 
lCJBsfi£L;fc±»C, Si0 2 &10mol%ttlbfcCo 20 
Cr, , Pt, 2 RFX/V^ffiK: 
«kt)iJt«Ar^7.JE5mTo r rTT'i/7Za7-Stt 
J12 0 nm£jgJ&L/t. 8 n 

?t#Jl. 5 nm&aftLT, 0 2 lC^T#^«l^©Satfl 
[0 0 5 2] »Sftfc««IE»J*#©«ttJI©JFS*T 

filttt. 1. 5 nmT*ofc. 3*fc. SiPiSMS: 
"T2. 0 nmSJCFV&<z>1t. «S»JS[-?-y-f 

/m e an*T0. 4 nmTfeofc. 

[0053] z.com&mcDmMffim.&TEM\z£K)mm 

VTztZZ. *HtT«lii:«ttltO|llll:tt. fc^f© 40 

ifclBttJiOhcp (0 0 2) (HltfT^©n-7^r>^-^ 

(os:ffl*iAe 6 o m^5. 2-c^.o, ibfsh4©&v>;:£ 

-5. 

[0054] z.<Dm&m<nm5.ft&&nwitmwiMtint 

(VSM) £J:?)WJ6U;fc. #6nfc«SM*tttt, 
2/^4. 9kOe, M-H;U-^tC*5^^,h^^U ~>7> 50 
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[0 0 5 5] (HJS0IJ 5 ) *«ttT*«T** R u <Df& 
m&g.* 2. 3 nm/ s e c CWlftWHJ, HJS^J 
4 £m8HO*fltU H 2 fcjj*T«fc#lJ«0a«lB«J*# 

[0 0 5 6] ^#Sflfcatt)l©*®S:TEM{CJ;f3S^ 

jscit^ofc. fltAtfrmowgEBtt. i. 5 

nmT*7ft. IMiW5taTl. 4n 

[0057] H3U, **iktt 5 <z>m&m<D*mmtitm 

5, li^t^ftSto/meandiTO. 2nmT 

[0 0 5 8] H4Q, **JS^J 5 <Dmsm»mtt<n>. it 

mi^rmrn t ma. n ss# © t e m ic «t -a mmmm & 

■€■©»*. #«ttT«l4 0 1 tfiSttB4 0 2 

a, »^©o^:**t)**me>n, aarttata*«ttT«i»3&» 

^IfttMtTtt, ttttJR®j£fttttt#(Jlft9. S 
*«tD:£8&fcfi&teJl4 0 2©hc p (0 0 2) (eltfrigi© 

[0059] 

(VSM) fcJ:0jBl3feL.&. »6n*:flaWM*tttt, &m 
jj&5. 0 kOe, M-H;P— XJC*a-5bX5r<;^X 
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